Spectrometers are widely used tools in chemical and biological sensing, material analysis, and light source characterization. The development of a high-resolution on-chip spectrometer could enable compact, low-cost spectroscopy for portable sensing as well as increasing lab-on-a-chip functionality. However, the spectral resolution of traditional grating-based spectrometers scales with the optical pathlength, which translates to the linear dimension or footprint of the system, which is limited on-chip. In this work, we utilize multiple scattering in a random photonic structure to fold the optical path, making the effective pathlength much longer than the linear dimension of the system and enabling high spectral resolution with a small footprint. We achieve sub-nm resolution using a scattering medium with the largest dimension of merely 50 μm.
(a) SEM image of the fabricated spectrometer. The input signal diffuses through the scattering medium to the detector waveguides. The distribution of intensities in the detector waveguides is used to identify the input spectrum. Spectrometers were fabricated with three different scattering media: a random medium (b), an amorphous structure (c), and a spiral lattice (d).
(e-g) Experimental near-infrared optical image of the random structure (e), photonic amorphous structure (f) and spiral lattice (g) based spectrometers with a probe signal at λ = 1500 nm. The white boxes mark the positions of detectors at the end of the defect waveguides. (h) Reconstructed spectra for a series of narrow spectral lines using the random spectrometer. (i) Reconstructed spectrum of two narrow spectral lines separated by 0.75 nm.
